HASltK  uuri 


nuscr  THIS  COPY  FOR  REPRODOCTION  PURPOSES 


REPORT  DOCUMENTATION  PAGE 


form  Approved 
0MB  No.  0704-0188 


AD-A263  705 


(S  ntimttM  <0  i  ^our  ocf  rtwomc.  irKludirvg  th«  <im«  for  inttruaiont.  kfarchoiq  otttinq  o«t«  tourcn. 

xf*q  «nd  th«  codeaion  of  inf ormatton.  S«nd  comments  rMerdmq  this  burden  estimate  or  any  other  aspect  of  this 

in^  this  burden,  to  Weshmqton  Headquarters  Services.  Directorate  for  information  Ooeratiom  and  Reports.  121S  Jefferson 
d  to  the  O^ice  of  Mana9ementar>dSudqet.PaperworkReductioneroiect(0704^)l88).Washin^on.  DC  20S03. 


REPORT  DATE 


[IT  JYPE  AND  DATES  COVERED 

>>.4/  . 

I  S.  FUNDING  NUMBERS 


Iterative  Encoding  methods  for  Computer  Generate 
Holograms 

6.  AUTHOR(S) 


Dr.  Michael  R.  Feldman 

7.  PEREORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

University  of  North  Carolina  at  Charlotte 
Electrical  Engineering  Department/ 

Hwy  49N / Charlotte /  NC  28223 


9.  SPONSORING /MONITORING  AGENCY  NAME(S)  AND  AODRESS(ES) 

U.  S.  Army  Research  Office 
P.  0.  Box  12211 

Research  Triangle  Parle,  NC  27709-2211 


eieEtrymiNB-ORi 

E-  eKMWP  lIuMBER 

MAYS  19931 


0 


10.  SPOmORING/ MONITORING 
AGENCY  REPORT  NUMBER 


11.  SUPPLEMENTARY  NOTES 

The  view,  opinions  and/or  findings  contained  in  this  report  are  those  of  the 
authorCs)  and  should  not  be  construed  as  an  official  Department  of  the  Army 
position,  policy,  or  decision,  unless  so  designated  by  other  documentation. 
12a.  DISTRIBUTION /AVAILABIUTY  STATEMENT  1 12b.  DISTRIBUTION  CODE 

Approved  for  public  release;  distribution  unlimited. 


13.  ABSTRACT  (Msgimum  ^00  words) 

Iterative  encoding  methods  capable  of  greatly  increasing  the  performance 
of  CGH's  were  investigated.  An  F/1  holographic  lens/  designed  with  an 
iterative  encoding  method  was  measured  to  have  a  diffraction  efficiency 
of  87%.  This  is  the  highest  reported  efficiency  for  an  F/1  element.  A 
recursive  Mean  Squared  Error  Algorithm  was  developed  to  reduce  the 
computation  time.  A  hologram  was  fabricated  to  generate .a  32x32  spot 
array.  The  experimental  measurements  indicated  a  diffraction  efficiency 
of  72%  and  uniformity  of  +1%.  Thi^  is  the  highest  reported  diffraction 
efficiency  for  such  large  sized  spot  arrays." 


04 


.?.3zP9747 


1 14.  SUBJCa  TERMS 


CGH's,  Binary  Optics,  Holography,  Iterative  encoding 
spot  arrays,  optical  interconnects. 


ns.  NUMBER  OF  PAGES 


1 1«.  PRICE  CODE 


17.  SECURITY  CLASSIFICATION  I  IB.  SECURITY  CLASSIFICATION  lit.  SfCURlTY  CLASSIFICATION  1 20.  LIMITATION  OF  ABSTRACT 

OF  REPORT  I  OF  THIS  PAGE  I  OF  ABSTlUa  I 


I  UNCLASSIFIED 

NSN  7S«O^)1-28O-SS00 


UNCLASSIFIED 


UNCLASSIFIED 


Final  Report 


Contract  title:  Iterative  Encoding  Methods  for  Computer  Generated  Holograms 

Performing  Organization:  University  of  North  Carolina  at  Charlotte  (UNCC) 

Period  Covered  by  Report:  1  October  1991  -  30  September  1992 
ARO  Proposal  Number  2841 6-PH 

Cwitract  Number  DAAL03-91-G-0091 

Author  of  Report  Dr,  Michael  R.  Feldman 

Personnel  Supported:  Jared  Stack,  Graduate  student 

Nianglamching  Hangzo,  Graduate  student 
Hudson  Welch,  Graduate  student 
Michael  Feldman,  Assistant  Professor 
Report  of  Inventions:  None 


Enclosure  (1) 


Statement  of  Problem  Studied 


Iterative  encoding  methods  capable  of  greatly  increasing  the  performance  of  CGH's  were 
investigated.  The  goal  was  to  develop  new  methods  and/or  modify  previous  methods  to 
improve  the  performance  of  CGH's  for  specific  applications.  Several  applications  were  to 
be  identified  near  the  beginning  of  the  project.  Performance  was  to  be  measured  in  terms 
of  diffraction  efficiency  and  signal-to-noise  ration  while  limited  to  specific  practical 
constraints.  Such  practical  constraints  included:  computation  time  and  fabrication 
limitations  (minimum  feature  size  and  positioning  resolution). 

Significant  Results 

The  first  prototype  CGH  encoded  with  the  recently  developed  Radially  Symmetric  Iterative 
Discrete  On-axis  (RSIDO)  encoding  method  was  measured  experimentally.  This  hologram 
was  fabricated  in  silicon  by  a  deposition  lift-off  process  and  was  coated  with  an  anti¬ 
reflection  layer  on  both  sides.  It  was  a  holographic  lens  with  an  F-number  of  1.  The 
experimentally  measured  diffraction  efficiency  was  87%  [1].  This  is  the  highest  reported 
efficiency  of  an  F/1  element.  The  previously  highest  reported  diffraction  efficiency  of  an 
F/1  element  was  52%. [2]. 

A  modified  version  of  the  Iterative  Discrete  On-axis  (IDO)  encoding  method[3]  was 
developed  to  decrease  the  computation  time.  This  was  achieved  through  the  use  of  a 
Recursive  Mean  Squared  Erroi  (RMSE)  algoiithm.  Results  showed  that  if  the  hologram 
was  limited  by  fabrication  requirements  tlie  nrodified  IDO  algorithm  can  reduce  the 
computation  time  at  a  cost  of  less  diffraction  efficiency.  (For  example  for  a  32x32  spot 
array  can  be  generated  with  a  128x128  cell  CXjH  in  about  1/5  the  computation  time  needed 
for  the  original  IDO  method  and  with  about  6%  lower  diffiaction  efficiency).  On  the  other 
hand,  if  the  CGH  design  process  is  limited  by  computation  time,  then  the  RMSE  algorithm 
can  provide  higher  performance.  For  example,  a  32x32  spot  array  can  be  generated  with  a 
256x256  cell  CGH  with  a  diffraction  efficiency  of  ~76%  and  with  -86  hours  of  CPU  time 
on  a  SUN  Sparcstation.  Comparing  this  to  a  128x128  CGH  encoded  with  the  original  IDO 
method,  this  corresponds  to  a  savings  of  50  hours  in  CPU  time,  an  increase  of  -5%  in 
diffiaction  efficiency,  and  a  large  increase  in  signal  spot  power  uniformity  [4]. 

Experimental  CGH's  were  fabricated  to  verify  the  efficiency  of  the  above  encoding 
method.  A  32  x  32  spot  array  was  fabricated  with  a  uniformity  within  ±  1%  of  a  central 
value  and  a  diffiaction  efficiency  of  72%.  We  believe  this  is  the  highest  efficiency  reported 
for  large  size  spot  arrays.  (Previously  reported  diffraction  efficiencies  and  array  sizes 
include:  72%  few  a  3x3[3],  62%  for  a  5x5[5]  and  25%  for  an  81x81  spot  array[6]). 

Extensive  thecwetical  comparisons  between  the  EDO  method  and  other  encoding  methods 
were  performed  to  find  conditions  under  which  IDO  achieves  higher  performance. 
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